Purpose: To determine the prevalence and geographic distribution of thalassemia and to evaluate the success of the thalassemia prevention and treatment programs in Iran.
T halassemia is one of the most common genetic disorders. It is estimated that 300,000 infants are born with major hemoglobinopathies worldwide each year of whom 60,000 to 70,000 are beta thalassemia major cases especially in the Mediterranean area, Middle East, Far East, and East Asia. 1, 2 Severe beta thalassemia accounts for 50,000 to 100,000 deaths per year or 0.5% to 0.9% of all deaths of children under 5 in low or middle income countries. 3 Although thalassemia mostly affects developing countries, there is limited knowledge of its accurate frequency and distribution in these regions. Knowing the prevalence of thalassemia and characterizing clinical features and demographic of patients will enable us to properly measure the burden of disease. These also facilitate the designing of the most proper strategies for disease prevention and treatment and are powerful tools for assessment of effectiveness of these programs. 4 This is especially more important in multiethnic, high-population countries like Iran.
Iran in the middle of the so-called Thalassemia Belt has a high thalassemia carrier rate. Although the impacts of thalassemia on the health care system of Iran were discussed by Pouya some 50 years ago, 5 only after challenging major problems like nutritional problems, mortalities owing to infectious diseases and improvement in hygiene, the necessity of a structured and countrywide prevention and treatment program for thalassemia has become appreciated in the past 2 decades 6 which has led to the establishment of one of the biggest national thalassemia screening and prevention programs.
This study was performed to measure the prevalence of thalassemia and frequency of responsible mutations throughout different regions of Iran, to evaluate the effectiveness of thalassemia prevention and treatment programs, and to assess the success of the blood products screening program in reducing the transmission of viral infections in thalassemic patients.
MATERIALS AND METHODS

Epidemiologic Data
Although there were some registries of thalassemic patients in the country, these were not accurate. A new and updated registry, the National Thalassemia Registry of Iran, was established by the Charity Foundation for Special Diseases in 2001. In our mind, this registry is unique in the world owing to the high number of registered patients, comprehensiveness of the information, and the fact that it covers almost all of the patients with beta thalassemia major and alpha thalassemia, and most of the patients with thalassemia intermedia in the country. The data of this registry were gathered from all 25 special and 201 hospital centers providing care for thalassemic patients in Iran and include identification data, date of birth and date of diagnosis, ethnicity background, applied treatment, and transfusion-related problems or any other major clinical problems of thalassemic patients. Provided epidemiologic data in this article were obtained from this registry.
Data of Prenatal Diagnosis and Elective Abortions
A questionnaire was designed and sent to genetic laboratories and centers involved in prenatal diagnosis (PND) program and included questions regarding the total number of couples or fetuses tested, number of affected or carrier fetuses, frequency of detected mutations, percentage of false-positive or false-negative results, and causes of failure to perform an abortion in affected fetuses.
Data of Treatment and Bone Marrow Transplantation
To have an estimate of the total number of blood units and amount of drugs being used by thalassemic patients, we directly contacted the Iranian Blood Transfusion Organization and pharmaceutical companies involved in production or distribution of drugs for thalassemic patients in Iran. Data of patients who underwent bone marrow transplantation (BMT) were obtained from the only 2 centers performing BMT in Iran: the Hematology, Oncology, and Bone Marrow Transplantation Research Center at Shariati Hospital in Tehran and Namazi Bone Marrow Transplantation Center in Shiraz.
RESULTS
Epidemiology
The total number of registered living patients until the preparation of this article was 13,879 (approximately 23 patients per 100,000). However, this figure does not cover those patients with thalassemia intermedia who are usually referred to private clinics and their level of disease is not severe enough to seek special care by our designated centers for thalassemic patients.
The age distribution and geographic prevalence of patients are shown in Figure 1 . Thalassemia is more prevalent in the northern (Caspian Sea coast) and southern (Persian Gulf and Oman Sea coasts) areas of the country. The overall prevalence ranges approximately from 3 to 100 patients per 100,000 people in different provinces.
In a sample of 3245 patients with thalassemia, 519 patients (16%) were tested positive for anti-HCV Ab. The population of patients was divided into those who received regular blood transfusion before or after the 
PND
Currently, 9 PND laboratories scattered in 5 provinces offer PND services to thalassemic patients. Data of PND are provided in Table 1 . In couples referred for PND, more than 99% of affected fetuses were properly diagnosed and pregnancy was successfully terminated in more than 98% of the affected cases. The most common cause of failure to perform an elective abortion in affected fetuses (8 cases) was late referral to PND centers (in Iran, by law, legal abortion can only be performed before sixteenth-week gestation in cases with a confirmed diagnosis). Multiple gestation with different results in each fetus (one affected and the other not) and cultural issues were reasons of not performing an abortion in 2 cases.
Common beta-globin mutations found are presented in Table 2 . Distribution of different mutations has an extreme divergence in different geographical regions. Although our data have not been gathered through random sampling of general population, since they cover all patients referred for PND, we assume that they represent the diversity and nature of existing mutations in Iran. In fact our data have similar results to the previous reports. 8 In brief, although IVS II-1 is the major mutation detected in most regions, in the southern and south-eastern parts of Iran IVS I-5 is the most common mutation. Overall, these 2 mutations were detected in 60% of cases.
Treatment
At present, all thalassemic patients have access to at least a general physician in 226 care centers under the supervision of more than 70 pediatric hematologists. Deferiprone, an oral iron chelator, has also been accepted in the list of approved drugs for thalassemic patients and is used for patients in special situations such as inability to use desferal (owing to incompliance or severe side effects) or unsatisfactory response. 10 It is prescribed at an average dose of 75 mg/kg/d. Combination iron chelation with deferoxamine and deferiprone is used in patients with severe iron-related organ failure such as cardiomyopathy. Iron-induced cardiomyopathy is still the main cause of death in these patients.
As of 1993, allogeneic BMT for thalassemic patients is being carried out in Iran. Until the preparation of this article, 340 thalassemic patients have received allogeneic BMT, of those 46 patients deceased. Availability of HLAmatched donor and the presence of risk factors such as hepatomegaly, portal fibrosis, and ineffective chelation were major factors affecting the outcome of transplant in thalassemic patients.
DISCUSSION
It is estimated that in Iran nearly 25% of the annual blood production is used for thalassemic patients. Figure 2 shows the screening process of carrier detection program. One major concern in the screening process is the interpretation of microcytosis owing to the presence of mild alpha + thalassemia or silent beta thalassemia with normal HbA 2 and HbF that is refractory to iron treatment and may cause problems in genetic counseling and eventually in PND.
11,12
Application of PND Premarriage counseling for carrier couples without PND was, to some degree, successful in reducing the marriage of 2 carriers. 11 The mean marriage dissuasion rate was roughly 50% in 1997. Although this figure is remarkably higher than previous reports from Greece (probably because of high rate of arranged marriages in Iran), 3 the results of the beginning years of prevention program in Iran were not acceptable comparing with other countries with well-known thalassemia prevention programs that had benefited from PND in their system. [13] [14] [15] [16] This situation made a prevention program only on the basis of the premarriage counseling ineffective and extremely expensive. Application of PND and abortion of affected fetuses could have major impact on prevention of thalassemia birth. Considering these issues, after obtaining the religious decree from major religious leaders of the country, as of 1998, abortion of the affected patients became legal and as a part of the National Thalassemia Prevention Program. Later in 2003, the major insurance companies accepted to cover the cost of PNDs. Currently, in the thalassemia prevention program, after thorough and extensive counseling and if the carrier couples decide to marry, they will be referred to family planning units or PND laboratories.
Our results show effectiveness of PND (Table 1) . Also a high acceptability of PND and elective abortion in Iranian families has been reported. 17 Premarriage counseling for couples who had decided to marry with special emphasize on describing the serious adverse outcome of ignoring PND plays a major role for convincing families to follow a PND program.
Owing to the prevention program, the age distribution of thalassemic patients in our country is getting adapted to a full prevention program. Yet, there are some obstacles to achieve a complete elimination of thalassemia birth. Unofficial marriage (so called religious marriage) in some regions of Iran, bypasses the designed protocol for detection of carriers. Unfortunately, these regions are areas with high rate of illiteracy and a school screening program may not be effective. Even more important is the pregnancies of carrier couples married before implementation of the thalassemia prevention program and so were not screened. Although a retrospective PND plan for families with thalassemic patients currently exists, we suggest special attention for all pregnant women married before the start of the thalassemia prevention program, in high prevalence regions. Limited access to PND centers and the fact that still a portion of the costs of PND processes, like transportation, is paid for by the couples are 2 other problems in front of families. Better education of patients and establishment of new centers along with complete coverage of the costs of PND processes by the insurance companies will have great results.
Treatment
Currently, desferal vials and special pumps are available for all patients. However, the problems related to the administration of this drug are major factors of incompliance. The use of deferiprone is also limited to special situations which further emphasizes the need for newer oral iron chelator generations. In the recent years, several studies have been carried out or are being performed in the country for the evaluation of stimulator drugs. [18] [19] [20] Availability of BMT in the past decade opened a new horizon in the treatment of patients. Progresses are ongoing and as time passes the better results are being achieved. 21, 22 Application of gene therapy for the treatment of thalassemia in Iran is under investigation. Certainly, availability of this option will change the current approach to the management of thalassemia.
As the result of provided care in Iran, a considerable number of patients have become adults and in the next few years, owing to a major decline in the birth and death rate, most of the thalassemic patients will be older than 20 years. This dramatic shift in the age distribution of thalassemia, a traditionally considered pediatric disease, will face us with new challenges and the health care system should be prepared for this new face of thalassemia. Currently, there are very limited special adult care centers in the country that must be expanded and become widely available throughout the country. Serious consideration must now be given to the quality of life of these patients and important issues like fertility and long-term coping with a chronic illness must be addressed. 23 
CONCLUSIONS
On the basis of the level of involvement and available resources, we believe our program for controlling a major public health problem in a national level was very successful. Especially, our efforts and results in application of PND may be encouraging for other countries in the region. Also, a successful thalassemia prevention program shows the feasibility of similar nationwide prevention and treatment programs for other noncommunicable diseases.
